Using photometric and spectroscopic observations of the double-lined early-type eclipsing binary system ALS 1135, a member of the distant OB association Bochum 7, we derived the new physical and orbital parameters of its components. The masses of both components were derived with an accuracy better than 1 per cent, their radii, with an accuracy better than 3 per cent. Since the primary's mass is equal to about 25 M , its radius was subsequently used to derive the age of the system which is equal to 4.3 ± 0.5 Myr. The result shows that this method represents a viable alternative to isochrone fitting.
INTRODUCTION
It is well known that a combination of the light curve of an eclipsing binary and its double-lined spectroscopic orbit allows to derive directly masses and radii of the components of a binary system. Recently, Torres, Andersen, & Giménez (2010) presented a list of 95 detached systems with masses and radii of both components known with an accuracy of 3% or better. It is remarkable that out of 190 components of these systems, only three have masses greater than 20 M . On the other hand, good knowledge of masses for such stars is very important for understanding the progenitors of the core-collapse supernovae, mass loss, fast rotation and phenomena related to stellar formation. In addition, accurate determination of the parameters of massive stars (see, e.g., Hilditch, Harries, & Bell 1996) allows precise determination of their ages. Since massive binaries are often the members of young clusters or associations, this opens a possibility of an independent derivation of the age of the parent stellar system. This is important because for young stellar systems most methods of age determination like isochrone fitting provide only a very rough estimate. In the present paper, we shall Visiting Scientist derive the age of the OB association Bochum 7 using the parameters of its member, ALS 1135.
ALS 1135 = CPD −45
• 2920 (α2000 = 08 h 43 m 49.8 s , δ2000 = −46
• 07 09 ) was classified as an OB star in the catalog of Luminous Stars in the Southern Milky Way (Stephenson & Sanduleak 1971) . The first MK classification of the star, O6 III, was given by Vijapurkar & Drilling (1993) . Corti, Morrell, & Niemela (1999) and Corti, Niemela, & Morrell (2003) discovered that ALS 1135 is a single-lined spectroscopic binary with a period of 2.7532 d, and classified the main component as O6.5 V((f)). Furthermore, the star was found to be an eclipsing system from the ASAS photometry (Pojmański 2003) . Taking these results into account, Fernández Lajús & Niemela (2006 re-examined spectra used in previous investigations finding faint He I lines of the secondary component. From radial velocities and the ASAS photometry, FLN2006 obtained orbital solution and physical parameters of both components. The spectral type of the secondary component was estimated as B1 V. Later on, in the same ASAS photometry of ALS 1135, Pigulski & Michalska (2007) found additional periodic variations with a frequency of 2.31095 d −1 . The possibility that these variations are due to pulsations of the primary component prompted us to carry out a follow-up photometric and spectro-scopic campaign devoted to this star. Results of this campaign are reported in the present paper; a by-product is the discovery of 17 variable stars in the vicinity of ALS 1135.
The early-type binary ALS 1135 is situated in a very interesting part of the Milky Way populated by young OB associations. Although the presence of at least five different associations was proposed in this area of the sky (Eggen 1982; Bassino et al. 1982 ; Turner et al. 1993; Tovmassian et al. 1993; Sung et al. 1999) , the reality of only three of them seems to be relatively well established. These are: the nearest Vel OB2 de Zeeuw et al. 1999 ) located at a distance of about 0.4 kpc, Vel OB1 at a distance of 1.5-1.9 kpc (Humphreys 1978; Bassino et al. 1982; , and Bochum 7 (Vel OB3) at a distance of 4-6 kpc (Miller 1972; Moffat & Vogt 1975; Reed 2000) . The latter association is known to harbour the Wolf-Rayet star ALS 1145 = WR 12 (Moffat & Vogt 1975; Sung et al. 1999 ) and at least several OB stars including ALS 1135 (Moffat & Vogt 1975) . The membership of ALS 1135 in Bochum 7 was concluded from its spectroscopic parallax (Moffat & Vogt 1975; Crowther et al. 2006) . It was also confirmed by a direct comparison of the radial velocity of the star with that of other members of Bochum 7 (Corti et al. 2003) . Fig. 1 shows the position of ALS 1135 and the members of Vel OB1 and Bochum 7 in its vicinity.
The paper is organised as follows. In Sect. 2, we describe spectroscopic and photometric observations and data reduction methods. An analysis of U BV IC light curve and radial-velocity curve of ALS 1135 is presented in Sect. 3. In that section, we derive new parameters of the system. Variable stars found in the field we observed are discussed in Sect. 4. Then, in Sect. 5, photometric diagrams for the observed field are studied. Finally, a summary and conclusions are given in Sect. 6.
OBSERVATIONS AND REDUCTIONS

Photometry
The U BV IC observations of the eclipsing system ALS 1135 were carried out at South African Astronomical Observatory (SAAO) during 13 nights between January 23 and February 5, 2008. We used the SAAO's 1-m Cassegrain telescope equipped with a 1024 × 1024 CCD camera covering an area of about 5.3 × 5.3 (Fig. 1) . In total, about 450 frames in U , 880 in B, 1700 in V and 1900 in an IC filter were taken. The exposure times ranged from 15 to 120 s, depending on the filter, seeing and sky transparency.
Additionally, BV IC observations were taken with the 0.6-m Perth-Lowell Automated Telescope at Perth Observatory, Australia. The data were collected between November 2007 and January 2009. Most of the observations (more than 90%), however, were taken between January 21 and 29, 2008. Using this telescope, we obtained about 780, 860 and 850 frames in B, V and IC, respectively. All frames were calibrated in a standard way and reduced with the DAOPHOT II package (Stetson 1987) .
Spectroscopy
Spectroscopic observations of ALS 1135 were carried out between January 25 and 27, 2008 with the ESO New Technology Telescope (NTT, La Silla, Chile) and the ESO Multi-Mode Instrument (EMMI) in the cross-dispersed echelle mode. The EMMIéchelle spectroscopy was done in the REMD (Red Medium Dispersion Spectroscopy) mode in the wavelength range from about 4800 to 6800Å and a resolving power equal to 35 000. We used grating #10 and 1 -wide slit. In total, 48 spectra with 15-min integrations were obtained.
Moreover, a single spectrum of ALS 1135 was obtained with the Magellan Inamori KyoceraÉchelle (MIKE) spectrograph (Bernstein et al. 2003) attached to the 6.5-m Magellan-Clay Telescope at Las Campanas Observatory, Chile. The observation was taken on January 5, 2008, with a 0.7 -wide slit, which resulted in a resolving power of 41 000 and 32 000 in the blue and red part of the spectrum, respectively. The spectrum covered wavelengths from 3600 to 7600Å, with the signal-to-noise ratio of about 100.
In order to reduce the spectra, standard IRAF 1 procedures were used. The raw data were bias subtracted, corrected for pixelto-pixel variations (flat-field) and sky subtracted. Wavelength calibrations were carried out using Th-Ar lamps. Next, the individual rows of each spectrum were normalised by fitting a blaze function. The rows were subsequently combined into a single spectrum.
ALS 1135
Recently, Pigulski & Michalska (2007) have presented results of a search for pulsating components in eclipsing binary systems using the ASAS-3 database. They found out-ofeclipse periodic variability in eleven systems, including ALS 1135 (ASAS 084350−4607.2). In addition to variation caused by binarity, ALS 1135 showed sinusoidal variations with a period equal to 0.4327 d. Since p-mode pulsations in O-type stars are allowed by the theory (Pamyatnykh 1999) , Pigulski & Michalska (2007) suspected that the periodicity could indicate a β Cephei-type pulsations in the O-type primary. They pointed out, however, that contamination of the ASAS photometry due to the low spatial resolution is an alternative. Indeed, our analysis of good-quality photometric data showed that variations with the 0.4327 d period originate in the nearby EW-type eclipsing system V4 (see Sect. 4.2) which was not resolved in the ASAS data. Thus, the system can be studied without complications caused by pulsations. The accurate orbital and physical parameters of such systems are of great importance and can be used for testing theoretical stellar models (see, e.g., Bonanos 2009 ). In particular, in the present paper, we use the parameters of the ALS 1135 to derive its age (see Sect. 3.3).
Radial velocities and atmospheric parameters
In order to obtain atmospheric parameters of the primary component we compared the high-resolution MIKE spectrum with theoretical spectra from the TLUSTY/SYNSPEC codes given in the OSTAR2002 grid (Lanz & Hubeny 2003) . The OSTAR2002 grid consists of about 700 metal line-blanketed, non-LTE, planeparallel, hydrostatic model atmospheres. The synthetic spectra were calculated for effective temperatures between 27 500 and 55 000 K with a step equal to 2500 K and surface gravities ranging from 3.0 to 4.75 dex with a step equal to 0.25 dex. In our fitting we adopted fluxes calculated for solar metallicity and assumed microturbulence velocity equal to 10 km s −1 . The model spectra were convolved with rotational and instrumental profiles.
Despite the fact that the MIKE spectrum was taken close to . Open circles and squares represent stars belonging to Vel OB1 and Bochum 7 (Vel OB3), respectively, identified using the photometry and spectroscopy of Corti, Bosch, & Niemela (2007) . The bright star on the left is HR 3487 (a Vel). the primary eclipse, the contribution of the secondary to the total flux at that epoch can be neglected in the procedure of obtaining stellar parameters. In other words, stellar parameters derived from the profiles of stellar lines in this spectrum can be attributed to the primary. The determination of primary's surface gravity, log g1, was based on the Hγ and Hβ line profiles and resulted in log(g1/cm s −2 ) = 3.75. In order to derive effective temperature of the system's primary, T eff,1 , we used He I 4026Å, 4145Å, 4471Å, 4713Å, 4921Å, 5061Å, 5871Å, He II 4201Å, 4388Å, 4542Å, 4686Å and 5411Å as diagnostic lines. The best fit of the model fluxes to the observed lines was obtained as a result of minimising residual standard deviation (RSD) of the fit. The RSD dependence on T eff,1 is clearly asymmetric (Fig. 2) . Adopting 2500 K as a reasonable uncertainty of T eff,1 for a mid-O type star, we get T eff,1 = 36 200 +3100 −2200 K, if we demand that the upper and lower value of T eff,1 should correspond to the same value of the RSD (horizontal line in Fig. 2) . Additionally, the projected rotational velocity, V sin i, was found to be equal to 195 ± 15 km s −1 . FLN2006 assumed the effective temperature of the primary component equal to 37 870 K using spectral type vs. effective temperature calibration of Martins, Schaerer, & Hillier (2005) .
The EMMI/NTT data were used to derive heliocentric radial velocities (HRV) of the components of ALS 1135. For the primary component, radial velocities were derived by fitting a rotationallybroadened synthetic spectrum from the above-mentioned grid with log(g1/cm s −2 ) = 3.75 dex and T eff,1 = 37 500 K, the closest to the best-fit one. In order to avoid the influence of telluric and interstellar lines, we fitted the fluxes only in the vicinity of seven spectral lines. These lines were the following: He II 5411Å, O III 5592Å, C IV 5801 and 5812Å, He I 5876Å, He II 6406Å and He II 6527Å. Both synthetic and observed spectra were normalised and rebinned in ln λ before fitting. For the secondary component we were able to derive radial velocities only from a single line, He I 5876Å, and only from the best spectra taken on the night of January 25, 2008, close to quadrature. At this phase, the lines of components were well separated allowing determination of the HRV for the secondary by fitting the line with a Gauss function. The values of the HRV we derived are given in Table 1. ciation of Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation. Table 2 . Bottom: Residuals from the fit.
Modelling light and radial velocity curves
The physical parameters of the components of ALS 1135 were determined using the newest version of the Wilson-Devinney (hereafter W-D) program (Wilson & Devinney 1971; Wilson 1979 Wilson , 1990 van Hamme & Wilson 2007) . Our U BV IC and radial velocity curves were modelled simultaneously. Fitting radial velocity curves, we combined FLN2006 and our data. Due to the larger uncertainties of the former, they were assigned lower weights. First, we determined the orbital period and the time of the primary minimum. Combining ASAS-3 and our V -band data, we derived the following ephemeris:
where E is the number of elapsed cycles. The numbers in parentheses denote the r.m.s. errors of the preceding quantities with the leading zeroes omitted. The phase diagrams in U , B, V and IC filters are shown in Fig. 3 . The W-D program was run with detached geometry (MODE = 2). We used detailed reflection model with two reflections (MREF = 2, NREF = 2). Bolometric albedos and gravity darkening coefficients equal to 1.0 were assumed as for stars with radia- Table  2 . Bottom: Residuals from the fit.
tive envelopes. The coefficients of the logarithmic limb darkening law were computed for the effective temperature and surface gravity from the formula given by van Hamme (1993) . Additionally, we assumed that the components rotate synchronously and have no spots. Since both eclipses have equal widths and the secondary minimum occurs at phase 0.5, we adopted circular orbit. We obtained three solutions for three assumed T eff,1 , 34 000, 36 200, and 39 300 K, in accordance with the spectroscopic determination of T eff,1 in Sect. 3.1. At the beginning, the mass ratio (q) and the radial velocity of the system's barycentre (Vγ) were derived by fitting sine functions to the phased radial-velocity curves. Keeping these parameters fixed in the W-D program, we adjusted phase shift (ϕ), surface potentials (Ω1 and Ω2), effective temperature of the secondary component (T eff,2 ), inclination (i) and monochromatic luminosity of the primary component (L1). The iterations were repeated until the solution converged. Then, the mass ratio, the orbital semi-major axis (a) and radial velocity of barycentre were also freed in the fitting procedure and all nine parameters were adjusted simultaneously. The W-D program provides also masses, radii, surface gravities of both components and the luminosity of the secondary component. The solutions for the three different T eff,1 led obviously to different values of T eff,2 . The remaining parameters remained, however, virtually the same. We therefore decided to provide a single solution (Table 2 ) incorporating the differences due to the allowed range of T eff,1 into the uncertainties of parameters. The exceptions are for obvious reasons T eff,2 , log L/L and M bol ; for these three parameters we provide values corresponding to the three assumed values of T eff,1 . The full set of parameters is given in Table 2 . The final fit to the light and radial velocity curves is shown in Fig. 3 and 4, respec- 
26.67 ± 0.22
9.99 ± 0.09 3.49 ± 0.03
25.3 ± 0.7 8.25 ± 0.17 log(g/cm s −2 ) 3.842 ± 0.016 4.268 ± 0.017 (Bessell et al. 1998 ) was adopted.
tively. The standard deviations of the residuals for the SAAO data are equal to 0.027, 0.006, 0.006 and 0.008 mag in U , B, V and IC, respectively. For the data from Perth, the standard deviations are similar and equal to 0.007, 0.007 and 0.008 mag for B, V and IC, respectively. The standard deviations of the residuals of our radial velocity data are equal to 5.4 km s −1 and 18.6 km s −1 for the primary and secondary component, respectively. In the case of the FLN2006 the residuals amount to 19.7 km s −1 for the primary and 29.6 km s −1 for the secondary. The much better (multi-colour) photometry and more precise radial velocities allowed us to obtain stellar parameters of ALS 1135 with much smaller uncertainties than those of FLN2006. In particular, the radii were derived with an accuracy better than 1%, the masses, with an accuracy better than 3%. Within the errors, the determined orbital period is consistent with the previous determinations (Corti et al. 2003; FLN2006) . The main difference between the FLN2006 and our solution is the inclination, 79.2 ± 0.2
• , about 10
• larger than obtained by FLN2006. Thus, we find the eclipses to be total (see Fig. 3 ). In consequence, the masses and radii of the components we derived are smaller than those given by FLN2006. The contribution of the secondary to the total light of the system in the visual amounts to about 6%. The low value of the mass ratio, M2/M1 = 0.326 ± 0.003, is confirmed. Assuming synchronous rotation we get V sin i = 180.5 ± 2.3 km s −1 for the primary component, in very good agreement with the spectroscopic determination (see Sect. 3.1). Open circles denote models with a given radius and having a mass equal to the derived mass.
The age of ALS 1135
In their paper summarising the masses of O-type stars, Weidner & Vink (2010) concluded that the present-day dynamical masses of these stars are well reproduced by evolutionary models. Owing to the fact that massive stars during their main-sequence evolution considerably change their radii, there is an opportunity of using these stars (strictly speaking their radii) for determination of the ages of the stellar systems they belong to. With this purpose in mind, the masses and radii of the components of ALS 1135 we derived were compared with those from stellar evolutionary models of Brott et al. (2011) and Ekström et al. (2012) (see Fig. 5 , lefthand panels). In both sets of evolutionary models the rotation effects were included. One of the main differences between the models is core overshooting with Hp, pressure scale height, equal to 0.335 in the models of Brott et al. (2011) and 0.1 in the models of Ekström et al. (2012) . The much larger range of core overshooting in the models of Brott et al. (2011) results in a much wider main sequence (see Fig. 5 , right-hand panels). The left panels in Fig. 5 show the mass-radius relations for both sets of evolutionary models and nine values of age ranging from the zero-age main sequence up to 10 Myr. The mass-radius isochrones are plotted for models with and without rotation. In accordance with the measured V sin i, we have selected models with rotation having initial rotational velocity of about 200 km s −1 for the set of Brott et al. (2011) models and those with the initial rotational velocity equal to 0.4 times the critical velocity for the other set.
As can be seen from Fig. 5 , for stars with masses larger than ∼15 M the radius becomes a very good indicator of the age of a star. In the ALS 1135 system, only the primary is suitable for an age determination by this method. The ages derived from the location of this star in the mass-radius diagrams amount to 3.9 Myr for Brott et al. (2011) models both with and without rotation, 4.3 Myr for Ekström et al. (2012) models without rotation and 4.7 Myr for the same set of models with rotation. The ages obtained in a similar way for the older sets of models, Claret (2004) and Schaller et al. (1992) , resulted in the age of 4.2 Myr. The uncertainties of mass and radius (Table 2) are negligible in the present context. We therefore conclude that the age of the ALS 1135 system is equal to 4.3 ± 0.5 Myr, where the adopted uncertainty of 0.5 Myr reflects only the dependability on the models. Although the result is model-dependent, it is clear that the method provides the age which is much more precise than that obtained from isochrone fitting.
Since T eff,1 was derived from the observed spectrum, we should check the consistency of the solution obtained in Sect. 3.2 with the evolutionary models we used to derive the age of ALS 1135. This is done in the right-hand panels of Fig. 5 too. The solutions for the three assumed values of T eff,1 are located, as expected, along the constant radius line. The same is true for the secondary. The models that are consistent with the derived masses are shown as open circles. It can be seen that the consistent model for the primary is located close to the solution for T eff,1 = 34 000 K, while for the secondary it is slightly less luminous than all three solutions. Nevertheless, the consistency remains reasonable.
VARIABLE STARS IN THE OBSERVED FIELD
As mentioned above, the photometric observations of the ALS 1135 field were taken with two telescopes covering almost the same area of the sky. The multisite observations allow to reduce aliasing in the Fourier amplitude spectra and lower detection level. For this reason, we combined data from the SAAO and Perth observatories. Using profile photometry obtained with the DAOPHOT package, differential magnitudes of all detected stars were computed. In the search for variability, the V and IC-filter magnitudes were analysed by means of a Fourier periodogram calculated in the range between 0 and 100 d −1 . Then, the light curves, the Fourier amplitude spectra and phase diagrams were inspected by eye. Among 813 stars detected in the IC band, 18 were found to be variable. Only ALS 1135 (Sect. 3) was known to be variable prior to our study. The variable stars are listed in Table 3 and labeled in Fig. 6 . Since the WEBDA 2 database does not include all stars in our field, we number the variable stars from V1 to V18.
Pulsating stars
Out of 18 variables detected in the observed field, seven appear to be pulsating stars. One of them, V2, is probably an SPB-type star, the remaining six are δ Scuti stars. The parameters of the sinusoidal terms (frequencies, fi, and amplitudes, Ai) for these stars, were derived by fitting the formula
to the differential magnitudes. In Eq. (2) m is the mean differential magnitude, n, the number of fitted terms, φi, the phases, t, the time elapsed from the initial epoch T0 = HJD 2454400. The parameters of the fit are listed in Table 4 . Instead of φi, we provide the time of maximum light, Tmax. The brightest pulsator found in our data is star V2. It has no available spectral type. Fourier periodogram of the V -filter data for 2 The WEBDA database is available at http://www.univie.ac.at/webda/. this star (Fig. 7 ) reveals two terms with close frequencies, f1 = 0.88260 and f2 = 0.82493 d −1 . The residuals indicate a possible presence of the further terms with low amplitudes and frequencies below 3 d −1 . The frequencies and the position of V2 in the colourcolour (Fig. 12) and the colour-magnitude diagrams (Fig. 13) indicate that the star is an SPB variable and a member of Vel OB1.
The other six stars (V5, V6, V7, V10, V12, and V14) have periods between 0.04 and 0.18 d. Fourier periodograms of V -filter data of these stars are shown in Fig. 8 . Prewhitening original data with the strongest mode revealed more terms in four stars, V5, V6, V10, and V14. For none of these stars spectral types are available but the periods of variability, multiperiodicity of some of them and their position in the colour-magnitude diagram (Fig. 13 ) indicate that these stars are δ Scuti-type variables. In addition, in all these stars the amplitude decreases with increasing wavelength (Table 4) , which is a typical property of δ Scuti stars in the visual (see, e.g., Watson 1988 ). As discussed in Sect. 5.2, stars V5, V6 and V7 are likely members of the Vel OB1 association, whereas V10 and V12 probably belong to Bochum 7. V14 seems to be a field star. 
Eclipsing systems
The six eclipsing binaries we found are V4, V11, V13, V16, V17, and V18. Their periods, times of the primary minimum and the depths of the eclipses are given in Table 5 . Star V4 (GSC 08151-01072) is an EW-type eclipsing system with an orbital period equal to 0.8654776 d, exactly twice the secondary period found in the ASAS data of ALS 1135 by Pigulski & Michalska (2007) . This is the star that contaminates the variability of ALS 1135 because it is only 27 apart (Fig. 6 ). According to Corti et al. (2007) , the spectral type of this star is B1-1.5 V and the true distance modulus is equal to 12.9 mag. This implies that the star can be a member of Bochum 7. The (B − V ) and (U − B) colour indices and the V magnitude determined by these authors are equal to 0.40 mag, −0.47 mag and 12.3 mag, respectively. The out-of-eclipse U BV IC photometry of this star obtained from our observations is given in Table 6 .
We made an attempt at modelling the light curve of V4 by means of the W-D program. The analysis revealed that both stars fill their Roche lobes. Unfortunately, this is the only firm conclusion that comes from the fit; the parameters of this system cannot be derived unambiguously as there are many equally good solutions with different mass ratios. The U , B, V and IC light curves of V4 are shown in Fig. 9 . For the SAAO data, the standard deviations of the solutions are equal to 0.037, 0.011, 0.008 and 0.010 mag in U , B, V and IC, respectively, while for the Perth data the respective numbers are equal to 0.014 (B), 0.009 (V ) and 0.012 mag (IC).
The next three eclipsing systems found in our field (V11, V13 and V17) have no available spectral types. Their periods and parameters of the eclipses are given in Table 5 . The light curves of V13 and V17 in B, V and IC filters are shown in Fig. 9 . The outof-eclipse V magnitudes and the (B − V ) and (V − IC) colour indices of these stars obtained from our observations are shown in Table 6 . The orbital periods and the light curves of V13 and V17 Table 4 . Parameters of sine-curve fits to the B, V and I C differential magnitudes of the pulsating stars detected in the observed field. The numbers in parentheses denote the r.m.s. errors of the preceding quantities with the leading zeroes omitted. The σres is the residual standard deviation, N obs stands for the number of observations, S/N is the signal-to-noise ratio. Figure 10 . Left: Fourier frequency spectra of the SAAO V -filter data of variable stars V16, V18, V8, and V9. Two frequency spectra are shown for each star: the upper for the original data and the lower after prewhitening with detected frequencies. Right: The phase diagrams in B, V and I C . For V16 and V18 we adopted periods equal to 2/f , where f is the frequency. Offsets were applied in order to separate light curves in different bands.
are typical for W UMa-type stars. On the other hand, V11 has the longest orbital period of the eclipsing stars we discovered. As can be seen in Fig. 9 this is a well detached EA-type system with an eccentric orbit (the secondary eclipse is not exactly in phase 0.5).
In the power spectra of the remaining two variables, V16 and V18, we have detected single periodicities with frequencies f equal to 5.2983 and 6.4774 d −1 , respectively (Fig. 10 ). Although these frequencies may indicate δ Scuti-type variability, the stars do not show the decrease of the amplitude with increasing wavelength, characteristic of δ Scuti stars. Therefore, we suppose that they are EW-type binary systems with small orbital inclinations and orbital periods equal to 2/f . Another argument in favour of this interpretation is that their amplitudes are quite large as for δ Scuti stars. 
Other variables
In addition, we detected variability in four other stars: V3, V8, V9 and V15. Our data do not allow us to classify unambiguously their variability. The highest peak in the periodogram of V8 is at f = 1.7474 d −1 (Fig. 10) . Similarly, the variation of star V9 can be described by a single frequency equal to 1.0669 d −1 (Fig. 10) . The third star, V3, is a field star showing quasi-periodic variability with a period of about 10 d (Fig. 11) . The fourth star, V15, is very red (Fig. 13) showing variations on a time-scale of the order of 10 d. Its light curves in V and IC are shown in Fig. 11 .
U BV IC PHOTOMETRY
As mentioned in the Introduction, ALS 1135 is situated in a region rich in young OB associations. For instance, , 1990 confirmed the presence of Vel OB1, OB2 and OB3 (Bochum 7) at distances of 2.1, 0.65 and 5.3 kpc and pointed out the presence of fourth association, Vel OB4, at a distance of 1.0 kpc. As was suggested by Kaltcheva & Hilditch (2000) , the situation can be more intricate. These authors analysed the distribution of bright OB stars in the Vela region and found even more clumps of stars along the same line of sight. According to Sung et al. (1999) Vel OB1 is situated at a distance of 1.8 kpc. The same authors obtained a distance of 4.8 kpc for Vel OB3. The most recent determinations of the distance to Vel OB3 was given by Corti et al. (2003) , who derived a distance of 5.0 kpc from the analysis of radial velocities of several OB-type members of this association.
We observed a small part of this interesting region and were able to identify stars from only two associations, Vel OB1 and Vel OB3 (Bochum 7). Stars from the nearest association, Vel OB2, are scattered in a large field, and none falls in the observed field of view.
Transformation to the standard system
The U BV IC photometry of Bochum 7 and Vel OB1 was provided by Sung et al. (1999) . Our field of view contains 29 stars observed by these authors. For several bright stars in our field, (B − V ) and (U − B) colour indices are also listed by Corti et al. (2003) . Using these stars as standards, the following transformation equations were derived: 
where u, b, v and i denote the mean instrumental magnitudes for the SAAO data. For eclipsing stars the transformed magnitudes correspond to the phases of maximum light, for V3 and V15 they correspond to the epoch of HJD 2454496.5. The residual standard deviations for the transformation equations were the following: 0.025, 0.027, 0.020 and 0.079 mag for Eqs. 3-6, respectively. The coefficients for the colour terms are close either to 0 (Eq. 3) or 1 (the remaining equations). This means that the instrumental system reproduces reasonably well the standard one. From the above equations, we computed V magnitudes and the (V − IC) colour indices for about 630 stars and the (U − B) and (B − V ) colour indices for about 130 and 400 stars, respectively. The standard photometry of the variable stars is given in Table 6 3 . The equatorial coordinates in this table were calculated from average stellar positions by means of an astrometric transformation to the positions of 201 stars in the USNO-B1.0 catalog (Monet et al. 2003) .
Colour-colour and colour-magnitude diagrams
As mentioned above, the field we observed contains stars from at least two OB associations, Vel OB1 and Bochum 7. Sung et al. (1999) and Corti et al. (2007) observed much larger field than we did, 30 × 30 , roughly covering the area shown in Fig. 1 . As found by Sung et al. (1999) , the reddenings of these two stellar groups are considerably different and vary over the field. The E(B − V ) colour excess amounts to 0.20-0.45 mag for Vel OB1 and 0.75-1.05 mag for Bochum 7. From the U BV observations of practically the same field made by Corti et al. (2007) the following ranges of E(B −V ) can be estimated: 0.25-0.48 mag for Vel OB1 and 0.58-1.0 mag for Bochum 7, in good agreement with Sung et al. (1999) . It is obvious that the spread of reddening in our small field will be much smaller. Indeed, in the colour-colour diagrams (Fig. 12) there are two groups of OB stars that can be identified as members of Vel 3 The full version of Table 6 is available in electronic form from the CDS. OB1 and Bochum 7. Assuming E(U − B)/E(B − V ) = 0.72, we derived their mean E(B − V ) colour-excesses; they amount to 0.33 mag for Vel OB1 (from two stars) and 0.65 mag for Bochum 7 (from six stars). The latter value does not agree with 0.95 mag read off the reddening map shown by Sung et al. (1999, see their fig. 4, south-west corner) . This discrepancy can be explained by a low number of members of Bochum 7 used to calculate the reddening map. The eight certain OB members of both associations located in our field are listed in Table 7 . In a similar way, mean E(V − IC) colour-excesses were derived using data for eight stars from Table 7 . We assumed E(U − B)/E(V − IC) = 0.536, a consequence of adopting E(V − IC)/E(B − V ) = 1.343 derived by Sung et al. (1999) . We obtained E(V − IC) = 0.46 mag for Vel OB1 and 0.91 mag for Bochum 7 (Fig. 12) . Comparing colour excesses we get E(V − IC)/E(B −V ) ≈ 1.4 for our field. Bearing in mind the small number of stars we used in our calculation, this value can be regarded as consistent with that given by Sung et al. (1999) .
The number of identified members of Vel OB1 and Bochum 7 in our field is too small to try an independent derivation of other parameters than the mean reddenings given above. The remaining parameters are therefore adopted from the previous studies of much larger samples of Vel OB1 and Bochum 7 members, especially those of Sung et al. (1999) and Corti et al. (2003) . In particular, we adopted the true distance moduli of 11.3 and 13.5 mag . The isochrones for Vel OB1 and Bochum 7 are plotted assuming the true distance moduli of 11.3 and 13.5 mag, mean E(V − I C ) equal to 0.46 and 0.91 mag, respectively. In addition, we adopted R V = 3.5, resulting in A V = 1.16 mag for Vel OB1 and 2.28 mag for Bochum 7. The isochrones are from Bertelli et al. (1994) and are plotted for the age of 6 Myr for Vel OB1 (long-dashed line) and 4, 10 and 20 Myr for Bochum 7 (continuous lines). The short-dashed lines are the pre-main sequence isochrones from Siess, Dufour, & Forestini (2000) for the same three ages as those of Bertelli et al. (1994) . All isochrones are for solar metallicity. In addition, for both stellar systems we show the boundaries of δ Scuti instability strip after Pamyatnykh (2000) .
for Vel OB1 and Bochum 7, respectively. In addition, Sung et al. (1999) and Corti, Bosch, & Niemela (2008) suggested higher-thanaverage RV = AV/E(B − V ) ratio. Adopting RV = 3.5, we obtained apparent distance moduli of about 12.5 mag for Vel OB1 and 15.8 mag for Bochum 7. These distance moduli and the reddenings derived above were used to plot the isochrones in the colourmagnitude diagram (Fig. 13) . As can be seen from this figure, the bright members of Vel OB1 fit quite well all three isochrones we show (for the age of 4, 10 and 20 Myr). In particular, ALS 1135 fits very well the 4-Myr isochrone, close to the age derived in Sect. 3.3 from stellar parameters of the primary. The scatter of the location of certain members should be interpreted rather in terms of differential reddening than age spread. Note that for Vel OB1 the isochrone for 6 Myr adopted after Sung et al. (1999) fits the location of the two bright Vel OB1 members quite well.
Using Fig. 13 we can also discuss the membership of variable stars, especially pulsating ones. Given the strong contamination by field stars in our field of view and crossing of isochrones for Vel OB1 and Bochum 7, our photometric diagrams (Fig. 12 and 13 ) allow an unambiguous determination of membership only for the brightest stars. In particular, V1 (ALS 1135) and V4 are members of Bochum 7, V3 is a field star and V2 is a certain member of Vel OB1. In view of the detected two periodicities in V2, this star can be classified as an SPB pulsator. Three δ Scuti stars (V5, V6 and V7) may be members of Vel OB1. The possibility that they are field stars, however, cannot be excluded. Of the remaining three δ Scuti stars, V10 and V12 fall into δ Scuti instability strip of Bochum 7. If the association is indeed only 4 Myr old, the two δ Scuti stars would be pre-main sequence (PMS) objects as can be judged from the PMS isochrones plotted in Fig. 13 . An additional argument in favour of the PMS status of V10 and V12 is their location in the two-colour diagram (Fig. 12) . They show a 0.2-0.3 mag excess in (U − B), an indication of the presence of an accretion disk (Rebull et al. 2000 , 2002 , Delgado, Alfaro, & Yun 2011 . V15 and V17 are clearly field objects. The membership of the remaining variable stars cannot be decided using our photometric diagrams.
SUMMARY AND DISCUSSION
The present study was devoted mainly to the massive eclipsing binary system ALS 1135, a member of the distant OB association Bochum 7. The analysis of the new photometric observations of ALS 1135 revealed that periodic variations with frequency 2.31095 d −1 found in this star from the ASAS-3 data (Pigulski & Michalska 2007) were caused by a contamination by the neighbouring eclipsing system V4. The new photometry and spectroscopy of ALS 1135 allowed us to derive accurate parameters of the system, including masses and radii which were obtained with an accuracy better than 1 and 3%, respectively. In comparison with previous results, we obtained a larger value of the orbital inclination and, as a consequence, smaller masses and radii of the components. The masses and radii we found were compared with those from stellar evolutionary models. In this way we estimated that the age of the system amounts to 4.3 ± 0.5 Myr. For obvious reasons, the parameters of the B-type secondary do not constrain the age so tightly as those of the primary, but are consistent with the above value. The age of ALS 1135 is also in accordance with the location of the members of Bochum 7 on the isochrone (Fig. 13) .
The presence of O6 and O7-type stars in Bochum 7 implies a very young age of this association, a few Myr at most. The ages of such young stellar systems are usually poorly constrained from isochrone fitting. This is because the result can be affected by a high and variable reddening across a young stellar system, low number of stars close to the turn-off point, inadequacies of transformation from observed (magnitudes, colour indices) to theoretical (absolute magnitude, effective temperature) parameters and the necessity of simultaneous fitting of mean reddening and distance modulus. The method was used by Sung et al. (1999) who estimated the age of Bochum 7 for 6 Myr with no significant age spread. An age range of 2-7 Myr was derived by Arnal & Corti (2007) 4 . On the other hand, Crowther et al. (2006) gives 2.8 ± 0.5 Myr, but this value was a mean of estimated ages of three O-type stars that belong to Bochum 7 (ALS 1131, 1135, and 1145). The ages of these stars were assumed to depend solely on their spectral type and luminosity class and therefore the quoted uncertainty is rather underestimated. The age we derived (4.3 ± 0.5 Myr) is fairly consistent with the previous determinations but is much more precise. It is therefore clear that massive eclipsing binaries can be used to derive ages of open clusters and OB associations with a much better precision than can be achieved from isochrone fitting.
As a by-product of the study of ALS 1135 we discovered 17 variable stars, including SPB star belonging to Vel OB1 association and six δ Scuti stars. Three of them are probable members of Vel OB1, while the other two, V10 and V12, may belong to Bochum 7. If this is the case, they would be pre-main sequence objects. Future seismic modelling of these stars will benefit from our precise determination of the age of Bochum 7 because precise age will better constrain the models.
